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Dietary Echium oil increases plasma and neutrophil 
long-chain (n-3) fatty acids and lowers serum 
triacylglycerols in hypertriglyceridemic humans 
Surette, Marc E.; Edens, Michelle; Chilton, Floyd 
H.; Tramposch, Kenneth M. 

Pilot Therapeutics Incorporated, Charleston, SC, 
294 92, USA 

Journal of Nutrition (2004), 134(6), 1406-1411 
CODEN: JONUAI; ISSN: 0022-3166 
American Society for Nutritional Sciences 
Journal 
English 

Consumption of fish or fish oils containing long-chain n-3 polyunsatd. fatty 
acids (PUFA) , such as eicosapentaenoic acid (EPA, C20:5n-3) and 
docosahexaenoic acid (DHA, C22:6n-3), is associated with cardiovascular 
benefits, including decreased blood triacylglycerol concns . and decreased 
mortality from coronary heart disease. Shorter-chain dietary n-3 PUFA, 
such as a-linolenic acid (C18:3n-3), from vegetable oils are 
inefficiently converted to EPA and DHA and do not have the 

hypotriglyceridemic properties attributed to fish oils. This study examined 
the effects of dietary Echium oil, a plant oil containing stearidonic acid 
(C18:4n-3), on tissue fatty acid contents and blood serum triacylglycerol 
concns. in asymptomatic humans with mild-to-moderate hypertriglyceridemia. 
They underwent 4-wk lead-in period and then were instructed to follow the 
National Cholesterol Education Program Step 1 diet. Subjects (n = 11) 
whose blood serum triacylglycerol concns. remained between 3.4 and 5.1 
mmol/L (3 00 and 450 mg/dL) were instructed to consume 15 g Echium oil 
daily for 4 wk. During the treatment period, blood serum triacylglycerol 
concns. decreased by 21% (0.87±0.26 mmol/L) compared with baseline; 8 
of the 11 subjects had decreases in serum triacylglycerol levels 13-52% 
with average decrease from baseline of 30% (1.26±0.41 mmol/L). There were 
no significant changes in any other clin. laboratory variables. The concns. 
long-chain n-3 PUFA, including EPA, were increased in blood 
plasma and neutrophils of the subjects consuming the Echium oil. Thus, 
dietary plant oils rich in stearidonic acid are metabolized to 
longer-chain and more unsatd. n-3 PUFA. These oils appear to possess 
hypotriglyceridemic properties typically associated with fish oils. 
REFERENCE COUNT: 35 THERE ARE 35 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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TITLE: Inhibition of leukotriene biosynthesis by a novel 

dietary fatty acid formulation in patients with atopic 
asthma: a randomized, placebo-controlled, 
parallel-group, prospective trial 
Surette, Marc E . ; Koumenis, Iphigenia L.; Edens, 
Michelle B.; Tramposch, Kenneth M.; Clayton, Bert; 
Bowton, David; Chilton, Floyd H. 
Department of Research and Development, Pilot 
Therapeutics Inc., Charleston, SC, USA 
Clinical Therapeutics (2003), 25(3), 972-979 
CODEN: CLTHDG; ISSN: 0149-2918 
Excerpta Medica, Inc. 
Journal 
English 

Background: Leukotriene inhibitors and leukotriene-receptor antagonists 
are effective in the treatment of inflammatory diseases such as asthma. A 
search of the entirety of MEDLINE using the terms diet plus leukotrienes 



AUTHOR (S) : 



CORPORATE SOURCE: 

SOURCE : 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



identified numerous studies that have explored dietary-management 

strategies to reduce leukotriene levels through supplementation with 

polyunsatd. fatty acids such as gamma-linolenic acid (GLA) and 

eicosapentaenoic acid (EPA) . However, the search found no 

studies on the use of combinations of these fatty acids in patients with 

asthma. Objective: The goal of this study was to determine the effect of daily 

intake of an emulsion (PLT 3514) containing dietary GLA and 

EPA on ex vivo stimulated whole blood leukotriene biosynthesis in 

patients with atopic asthma. Methods: This was a randomized, 

double-blind, placebo-controlled, parallel-group, prospective trial in 

patients with mild to moderate atopic asthma. Patients consumed 10 g PLT 

3514 emulsion (containing 0 . 75 g GLA + 0.5 g EPA), 15 g 

PLT 3514 emulsion (containing 1.13 g GLA + 0.75 g EPA), or 

placebo (olive oil) emulsion daily for 4 wk. Plasma fatty acids were 

measured by gas chroma tog . , and stimulated whole blood leukotrienes were 

measured by reverse-phase high-performance liquid chromatog . with UV 

detection using a diode array detector. Results: Forty- three patients (33 

women, 10 men) participated in the study. Leukotriene biosynthesis was 

significantly decreased in patients consuming 10 or 5 g PLT 3514 compared 

with placebo (P < 0.05, anal, of covariance) . No clin. significant 

changes in vital signs were observed throughout the study, and here were no 

significant between-group differences in treatment -emergent adverse events 

or mean clin. laboratory values. Conclusion: Daily consumption of dietary 

GLA and EPA in a novel emulsion formulation inhibited 

leukotriene biosynthesis in this population of patients with atopic asthma 
and was well tolerated. 
REFERENCE COUNT: 20 THERE ARE 20 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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Floyd H. 

CORPORATE SOURCE: Department of Research and Development, Pilot 

Therapeutics Inc., Charleston, SC, USA 

SOURCE: Clinical Therapeutics (2003), 25(3), 948-971 
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PUBLISHER: Excerpta Medica, Inc. 

DOCUMENT TYPE: Journal 
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AB Background: Numerous studies have explored dietary-management strategies 
for decreasing leukotriene synthesis by inflammatory cells through 
supplementation with polyunsatd. fatty acids such as gamma-linolenic acid 
(GLA) and eicosapentaenoic acid (EPA) . Objectives: 

This study sought to determine the optimal daily intake, ratios, and 
formulation of dietary GLA and EPA required to safely 

reduce leukotriene biosynthesis in healthy individuals, and to evaluate 

the pharmacokinetics and safety profile of such a formulation. Methods: 

Two preliminary trials were conducted to determine the min. effective levels of 

GLA and EPA intake needed to reduce leukotriene 

biosynthesis and prevent increases in plasma arachidonic acid (AA) concns . 
These preliminary trials were followed by a single-center, randomized, 
double -blind, placebo- control led, parallel -group, escalating -intake 
inpatient trial of a dietary GLA/EPA emulsion (PLT 

3514) in healthy adult subjects. Subjects consumed either 10, 20, or 100 
g of the PLT 3514 emulsion (resp. containing 0.75 g GLA + 0.5 g 
EPA, 1 . 5 g GLA + 1 g EPA, and 7 . 5 g 

GLA + 5 g EPA) , or a placebo emulsion containing olive oil 
daily for 14 days. Plasma fatty acids were measured by gas chromatog. 
Stimulated whole blood leukotrienes were measured by high-performance liquid 
chromatog. with UV detection. Results: Thirty subjects were included in 
the preliminary trials; 47 subjects were enrolled in the escalating-intake 
trial, of whom 42 completed the study. In the preliminary trials, intake 



of GLA 1.5 g/d in gelatin capsules decreased the capacity to 
synthesize leukotrienes but increased plasma levels of AA (both, P < 
0.05). Inclusion of 0.25 or 1 g of dietary EPA prevented the 
increase in plasma AA concns . Dietary GLA and EPA 

showed significantly enhanced bioavailability when consumed in 20 g PLT 
3514 emulsion compared with consumption in gelatin capsules (P < 0.05), 
resulting in a reduction in the amount of intake required to block leukotriene 
biosynthesis. Pharmacokinetic analyses indicated that fasting plasma 
GLA and EPA levels plateaued within 7 days 1 daily 

consumption at all levels of intake, whereas the time to maximum plasma 
concentration (Tmax) was shorter for GLA than for EPA. The 
Tmax was similar on days 1 and 14 for both GLA and EPA 

There were no clin. significant between-group differences in changes in 
vital signs, mean clin. laboratory values, or abbreviated hematol . laboratory tests, 
or significant differences in the occurrence of treatment -emergent adverse 
events between the group consuming up to 2 0 g/d of the GLA/ 
EPA emulsion and the group consuming placebo. Conclusion: 
Consumption of specific proportions and intake levels of dietary 
GLA and EPA in a novel emulsion formulation inhibited 
leukotriene biosynthesis and appeared to be well tolerated in this 
population of healthy adult subjects. 
REFERENCE COUNT: 35 THERE ARE 35 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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AB Compns . for the treatment of symptoms of inflammatory disorders may 
include y-linolenic acid or dihomo-y-linolenic acid, an 
inhibitor of A5-desaturase, and optionally stearidonic acid or 
©-3 arachidonic acid. Preferred formulations may be in the form of 
a good tasting, preferably milk or fruit-based drink, or a dried powder. 
Compns. reduce inflammation and inhibit increase in serum arachidonic acid 
associated with y-linolenic acid. For example, a stabilized emulsion 
that can be consumed neat or easily mixed in a drink or yogurt contained 
{by weight) borage oil 21.00%, marine oil 16.5%, lecithin 
0.50%, flavor and flavor masking agent 2.00%, colorant 0.05%, ascorbyl 
palmitate 0.20%, sorbic acid 0.16%, sucrose 25.00%, xanthan gum 0.3%, 
water 29.29%, and glycerin 5.00%. The composition is packaged in an 
oxygen- free environment in single daily dosage packages made of oxygen 
impermeable materials. The recommended daily dosage of 20 g/day would 
deliver about 1 . 5 g of y-linolenic acid and about 1 . 0 g of 
eicosapentaenoic acid per day. 
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AB The objective of this study was to design a supplementation strategy that 
maintained the capacity of y-linolenic acid ( GLA) to 

reduce lipid mediators without causing elevations in serum arachidonate 
(AA) levels. Initial in vitro studies utilizing HEP-G2 liver cells 
revealed that addition of eicosapentaenoic acid (EPA) blocked 
A-5-desaturase activity, the terminal enzymic step in AA synthesis. 
To test the in vivo effects of a GLA and EPA 

combination in humans, adult volunteers consuming controlled diets 
supplemented these diets with 3.0 g/d of GLA and EPA. 

This supplementation strategy significantly increased serum levels of 
EPA, but did not increase AA levels. EPA and the 
elongation product of GLA, dihomo-y-linolenic acid (DGLA) 

levels in neutrophil glycerolipids increased significantly during the 3-wk 
supplementation period. Neutrophils isolated from volunteers fed diets 
supplemented with GLA and EPA released similar 

quantities of AA, but synthesized significantly lower quantities of 
leukotrienes compared with their neutrophils before supplementation. This 
study revealed that a GLA and EPA supplement 

combination may be utilized to reduce the synthesis of proinflammatory AA 
metabolites, and importantly, not induce potentially harmful increases in 
serum AA levels. 
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AB To understand the in vivo metabolism of dietary y-linolenic acid ( 
GLA) , we supplemented the diets of 29 volunteers with GLA 
in doses of 1.5-6.0 g/d. Twenty-four subjects ate controlled eucaloric 
diets consisting of 25% fat; the ramining subjects maintained their 
typical Western diets. GLA and dihomo-y-linolenic acid 

(DGLA) increased in serum lipids of subjects supplemented with 3.0 and 6.0 
g/d; serum arachidonic acid increased in all subjects. GLA 
supplementation with 3.0 and 6.0 g/d also resulted in an enrichment of 
DGLA in neutrophil phospholipids but no change in GLA or AA 
levels. Before supplementation, DGLA was associated primarily with 
phosphatidylethanolamine (PE) of neutrophil glycerolipids , and DGLA 
increased significantly in PE and neutral lipids after GLA 
supplementation. Extending the supplementation to 12 wk did not 
consistently change the magnitude of increase in either serum or 
neutrophil lipids in subjects receiving 3.0 g/d. After GLA 
supplementation, A23 187-stimulated neutrophils released significantly more 
DGLA, but AA release did not change. Neutrophils obtained from subjects 
after 3 wk of supplementation with 3.0 g/d GLA synthesized less 
leukotriene B4 (P < 0.05) and platelet-activating factor. Together, these 
data reveal that DGLA, the elongase product of GLA, but not AA 
accumulates in neutrophil glycerolipids after GLA 

supplementation. The increase in DGLA relative to AA within inflammatory 
cells such as the neutrophil may attenuate the biosynthesis of AA 
metabolites and may represent a mechanism by which dietary GLA 
exerts an ant i -inflammatory effect. 
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AB Gammalinolenic acid (GLA) , when provided as a dietary 

supplement, has been reported to improve clin. symptoms of several 
inflammatory disorders. The goal of the current study was to examine the 
metabolism of GLA and its relationship to arachidonic acid (AA) in 
the human neutrophil. Initial studies indicated that neutrophils provided 
GLA in vitro rapidly elongate it (by two carbons) to 

dihomogammalinolenic acid (DGLA) . The bulk of this newly formed DGLA is 

incorporated into neutral lipids and specifically triacylglycerides . 

Neutrophils from volunteers supplemented with GLA as 

borage oil also had elevated quantities of DGLA but not 

GLA, when compared with neutrophils from volunteers not consuming 

the GLA supplement. To determine whether DGLA could be mobilized 

from cellular glycerolipids, neutrophils were stimulated with ionophore 

A23187 and fatty acid levels were determined DGLA and AA were both released 

during stimulation, and the quantities of DGLA mobilized increased 

threefold after in vitro GLA supplementation. Exogenously 



provided DGLA was converted to one major metabolite during cell 

stimulation; this product migrated on reverse-phase HPLC with the 

15 -lipoxygenase product, 15-hydroxy-eicosatrienoic acid (15-HETre) . Both 

15-HETre and DGLA (provided exogenously) inhibited the formation of 

leukotriene B4 (LTB4) and 2 0 -hydroxy- leukotriene B4 (20-OH-LTB4) . The 

IC50 for 15-HETre inhibition of both LTB4 and 20-OH-LTB4 in 

A23187-stimulated neutrophils was 5 uM. This inhibition could be 

reversed by removing the compds . from the cells. Taken together, these 

data reveal that there are enzymes within the human neutrophil that 

metabolize GLA or its elongation product DGLA, and that the 

metabolism of GLA and AA may interact at a number of critical junctures. 
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Healthy volunteers supplemented their usual Western diets with Promega 
fish oil supplement (eicosapentaenoic acid [EPA] 0.28 g, 

docosahexaenoic acid [DCHA] 0.12 g, other n-3 fatty acids 0.10 g/capsule) 
using 3 protocols. Initial expts. (protocols 1 and 2) investigated the 
kinetics of incorporation of n-3 fatty acids into serum and neutrophil 
lipids after 10 capsules/day of Promega. EPA was rapidly 

detected in both serum and neutrophil lipids; the arachidonic acid (AA) to 
EPA ratio in neutrophil phospholipids showed a maximum reduction of 49:1 
to 8:1 within 1 wk of beginning supplementation. EPA was 
preferentially incorporated into phosphatidylethanolamine and 
phosphatidylcholine, but not phosphatidylinositol . Long-term 
supplementation for <7 wk did not influence the AA/ EPA 
ratio or the distribution of EPA among neutrophil phospholipids 
in a manner that was not observed after the 1st wk. Neutrophils produced 
similar quantities of platelet-activating factor and slightly lower 
quantities of leukotriene B4 during long-term supplementation when 
compared with presupplementation values. Expts. examining the influence of 
Promega dosage indicated that the AA/EPA ratio in neutrophil 
lipids decreased in a dose-dependent manner. Only when the dose was 
increased to 15 capsules/day was there a reduction in the AA/DCHA ratio in 
neutrophil lipids. The quantity of AA in neutrophil lipids remained 
relatively constant at all supplement doses. Taken together, the current 
study demonstrates the capacity of n-3 fatty acids provided with a Western 
diet to be rapidly incorporated into neutrophil lipids. However, dietary 
n-3 fatty acids appear not to significantly reduce arachidonate content in 
neutrophil phospholipids. Constant arachidonate levels may account for the 
lack of large redns . in the biosynthesis of lipid mediators by neutrophils 
after fish-oil supplementation. 
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AB Platelet-activating factor (PAF) biosynthesis was examined in neutrophils 
from individuals on a fish oil-enriched diet and in mast cells enriched 
with eicosapentaenoic acid (EPA) in vitro. Neutrophils isolated 
from males who were fed fish oil supplement (EPA; 2.8 g/day) for 
5 wk contained large quantities of eicosapentaenoate in 
phosphatidylcholine (PC) and phosphatidylethanolamine and less in 
phosphatidylinositol . The ratio arachidonate/eicosapentaenoate in PC and 
phosphatidylethanolamine decreased from >10 before the enriched diet to 
approx. 3 after the diet. The putative precursor of PAF, 
l-0-alkyl-2 -acyl -sn-glycero-3 -phosphocholine ( l-0-alkyl-2-acyl-GPC) 
contained the bulk of eicosapentaenoate in PC subclasses with smaller 
quantities found in 1-acyl and 1 -alk-1 * -enyl linked species. Ionophore 
A23187-stimulated neutrophils produced similar quantities of PAF before 
and after enriched diet. Neutrophils during normal diet acylated 
l-0-alkyl-2-lyso-GPC only with arachidonate whereas neutrophils from 
individuals on enriched diet transferred both arachidonate and 
eicosapentaenoate into exogenously-provided l-0-alkyl-2-lyso-GPC . This 
allowed for the labeling of neutrophils with 1-0- [3H] -alkyl -2 -arachidonoyl - 
GPC (before diet) as well as neutrophils with 1-0- [3H] -alkyl-2- 
eicosapentaenoyl-GPC and 1-0- [3H] -alkyl -2 -arachidonoyl -GPC (after diet). 
Neutrophils after diet converted similar quantities of these labeled 
precursors to labeled PAF upon stimulation as those before the diet. 
Anal, of the nature of the long chain acyl residue remaining in the sn-2 
position of 1-alkyl -2-acyl-GPC after cell stimulation indicated that 
arachidonate and eicosapentaenoate were both released from 
l-0-alkyl-2-acyl-GPC at comparable rates. In vitro supplementation of 
murine mast cells (PT-18) with arachidonic acid or EPA caused a 
marked increase in the amount of PAF produced by the cell without having any 
effect on histamine release. Data from these expts. suggest that 
EPA is incorporated into a PAF precursor pool. However, this 
appears not to inhibit PAF production because phospholipase A2 can use 
eicosapentaenoate- as well as arachidonate-containing phospholipids in the 
initial step of PAF biosynthesis. 



